The building facade plays an important role not only for ornament designs, but also for the safety and environmental impacts of the building. To satisfy these demands, the authors have proposed an integrated facade system using diagonally arranged louvers.
INTRODUCTION
In today's ever-growing cities, schemes that improve the refurbishment efficiency of its existing buildings from the perspectives of environmental impact mitigation, safety consideration and continuous utilization of the building will become increasingly prevalent over the existing bias towards scrap and build. Facades form the perimeter of a building and apart from determining the urban scenery they also have a direct influence on the surrounding environment acting as a buffer between the outer and inner environments of the building. In recent projects, by using louvers and/or panel cladding environmental systems, consideration is given to the impact on the environment as well as the energy efficiency of the building, but also attractive architecture can be created (Photo 1).
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Photo 1 Examples of environmental facade systems
PURPOSE
Considering all the aforementioned, the authors have developed an integrated-facadesystem that improves various characteristics (appearance/safety/environment) when a structural retrofit of a building has to be carried out [1]~ [5] . A buckling restrained brace (BRB) with minimum dimensions was developed in such way that the BRB can be perfectly integrated and harmonized with the louver system. A diagonally arranged louver system was proposed in which the BRB functions as a structural brace element and also becomes a louver to control the environmental impact. The diagonal louver system is deployed on the exterior of the opening and controls the perimeter and interior environment quality from the outside. The structural performance and interior day lighting environment were verified and confirmed in a previous report [6] .
The majority of the buildings in need of a structural retrofit are mostly important gathering points in the city disaster evacuation plan. On top of that it is in most of the cases difficult to rebuild them as they are located in high densely built-up areas.
As an expanding fire inside a building causes flames and plumes to erupt from its openings, there is a high risk that the fire spreads to the upper floors and to adjacent buildings. Understanding this fire characteristic is an essential issue in building fire safety engineering (Figure 1) [7] . The results of previously done research relating to the characteristics of ejected plumes e.g. [8] ~ [13] have let to measures to prevent the spread of fire in the building as part of its fire safety design. However, most of this research focuses on the case where there are no obstacles on the outside of the openings. In that way, it can be considered that there is no knowledge of the case where external louvers are installed. Therefore, in this report the authors propose and create a full scale mockup of the above-mentioned diagonal louver system and report the results obtained from a fire experiment in relation to the ejected plume conditions in the vicinity of the external diagonal louvers. 
Overview of the diagonal louver system
The proposed diagonal louver system is assumed to be applied in the refurbishment of building 8 of Kanagawa University ( Figure 2) . The incorporation of a BRB in the diagonal louvers and the optimal heat gain and day lighting conditions have been considered [6] when designing their shape and pitch. The diagonal louvers can both be made out of steel or aluminum. Figure 3 shows the composition of the diagonal louver system. The primary fasteners, secondary fasteners and panel frame are mounted to the existing building structure. The diagonal louvers and braces are mounted to the panel frame and the panel frame in its turn to the fasteners. 
EXPERIMENT DESIGN
Test apparatus
This experiment is carried out using the heating furnace that is used for the fire- 
Measurement plan
(1) Measurement items , and table 2 shows a list of the used measurement devices.
(2) Blank test Generally, during the fire-resistance test of exterior walls, the heating space is determined by the establishment of the test piece. In that way the heating furnace is treated as a closed space. However, the current test supposes ejected plumes from the created opening. Hence, air flows in and out of the opening and controlling the heating furnace's internal temperature differs from that of usual tests. There are a few examples [14] ~ [16] of fire tests where an opening is established in the heating furnace and it can be concluded that there is a large dependency of the heating furnace's internal temperature control on the respective heating furnace's characteristics and experiment parameters.
To include this element in the experiment described above a blank test is carried out [17] after which automatic heat control is performed to stabilize the temperature at 500ºC ( Figure 6 ). Based on previous test results [8] this internal furnace temperature results in a temperature at the central axis of the ejected plume of 300ºC at a position of 900mm above the opening and is recognized to be the necessary internal temperature to produce this plume. In addition, the temperature is an upper limit temperature from safety use of the furnace and repeatability of the experiments. In this particular experiment, the furnace's internal temperature is taken as represented by the thermocouples at point No. 10 and 11. In order to confirm repeatability, the blank test is carried out 5 times. Furthermore, the 1st and 2nd tests are for the purpose of the heating furnace's temperature control and measurement device's adjustment and are not treated as measurement results.
(3) Diagonal louver test
The test with the diagonal louver system installed is carried out using a thermocouple tree ( Figure 9 ) for measuring the temperatures in the vicinity of the diagonal louvers.
The tree is placed once on the right half and once on the left half of the experiment model because the diagonal louvers in the model are asymmetrical to the central axis of the opening. The thermocouple tree is installed and measures at a position of around 100mm lateral to the diagonal louvers' surface, both at the heated and unheated side.
In order to vary the distance between the experiment model and the opening, the model and the thermocouple tree are placed on a movable stand, and the distance from the lateral face of the heated side of the diagonal louvers to the opening can range, at a pitch of 200mm, from a maximum of 1000mm to a minimum of 400mm. Table 3 shows the test process. During the first 10 minutes of the test the heating furnace's internal temperature is controlled in the same way as in the blank test such that the reference temperature reaches 500ºC (step 3) and is then kept in a blank condition (only the shielding insulation panel installed) for 2 minutes until the general stability of the heating furnace's interior temperature is confirmed (step 4). The model of the diagonal louvers is then installed at a position of 1000mm from the opening and measurements are taken. After this, the model is moved to the positions of the previously set distances at a 2 minute interval with also measurements taken. The experiment concludes 20 minutes after commencement. Heating method interior controlled at 500°C after heating in accordance with ISO834 standard heating curve ( Figure 6 )
Photo 4 Test model installation
The heated side of the louver surface (Figure 8 ) is installed at 1000mm(Case 1), 800mm(Case 2), 600mm(Case 3), and 400mm(Case 4) laterally from the opening
Measurement interval
Furnace's internal temperature : 60 sec Thermocouples and Photothermal flux sensor : 20sec 
Table3 Experimental process
Step Elapsed time Details Figure 10 shows the heating furnace's temperature during the 3rd to 5th blank tests and the 1st and 2nd tests with the diagonal louvers (thermocouples No. 1~12). The bottom graph of Figure 10 focuses on all test results for the heating furnace's internal temperature representative thermocouples No. 10 and 11.
EXPERIMENTAL RESULTS AND CONSIDERATIONS
Heating furnace's internal temperature
If the 4th blank test themocouple No.10 is excluded, the heating furnace's internal temperature shows the same tendencies throughout all tests and is generally in equilibrium at 500ºC. Also, no differences are observed due to the installation or noninstallation of the diagonal louvers. Another concluded tendency is that the measured temperatures in thermocouples No. 1, 3, and 4 were lower than 400ºC in all tests. This is because the peripheral temperature was lowered by the entrainment air from the lower part of the opening combined with air exiting through the safety exhaust at the bottom of the heating furnace. Figure 11 shows the temperature on the central axis of the opening during the blank tests and the tests with the diagonal louvers installed. Also, Figure 12 shows the temperature measurement results for the heated and unheated sides of the central axis in the vicinity of the diagonal louvers when they have been installed. Figure 13 shows the temperature distribution in the vicinity of the diagonal louver system in the diagonal louvers' test (looking towards the heating furnace from the unheated side of the diagonal louver system). Figure 11 shows almost the same temperature distribution on the opening's central axis during both the blank tests and the tests with the diagonal louvers. So it can be considered that there is no direct influence from the installation of the diagonal louvers
Diagonal louvers vicinity temperature
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on the temperature distribution in the vicinity of the opening. Also, almost the same temperature distributions are shown in the vicinity of the wall above the opening in both the blank tests and the tests with the diagonal louvers, so it can be asserted that the ejected plume does not incline towards the wall (shielding insulation panel) due to the obstruction of the opening by the diagonal louvers.
Figure 11 Central axis temperature of Opening
When looking at the temperature in the vicinity of the diagonal louvers' central axis in Figure 12 , it is almost the same in both the 1st and 2nd tests for the heated side and the unheated side. On the other hand, when looking at the influence of the installation distance, it can be concluded that the ejected plume's central axis's peak temperature position is low for both the heated and the unheated side in the case the diagonal louver model is close to the opening (Case 3 and Case 4 ; See Table 1 ) and high when the model is distanced from the opening (Case 1 and Case 2 ; See Table 1 ). Furthermore, the temperature peak's position at the unheated side is 300mm to 600mm higher than the one on the heated side. One of the main reasons for these observation is the impinge position of the plume to the diagonal louver model following the fire plume trajectory.
Therefore, the cases of distance 800mm and 1000mm (Case 1 and Case 2) between the diagonal louver and the opening having higher position of peak temperature when compared with the cases of distance 400mm and 600mm (Case 3 and Case 4) between the diagonal louver and the opening. As for the observation of the temperature peak's position on unheated side is higher than that on the heated side. It might be due to a 500mm horizontal distance between heated and unheated side temperature measurements in the fire plume trajectory.
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Figure 12 Diagonal louvers' vicinity temperature
Considering the temperature distribution in the vicinity of the diagonal louvers (in elevation) as shown in Figure 13 , it can be asserted that the distance of the diagonal louver model to the opening has no direct influence on the direction in which the plume is ejected from the opening. It can be considered that in elevation the plume is following the inclination of the diagonal louvers when exiting the opening. Figure 14 shows the shape of the ejected plume as recorded by the thermo-camera and the temperatures measured by the thermocouples at the central axis of the opening in the vicinity of the diagonal louvers. Looking at the results, we can conclude that there is no relationship between the direction of the ejected plume and the distance in between the diagonal louvers and the opening. In any case, the plume follows the inclination of the diagonal louvers. From another point of view, it can also be seen that, in the case the diagonal louver model is distanced from the opening (Case 1 and Case 2), the shape of the ejected plume which escapes from behind the diagonal louvers is comparatively in proportion with the distance from the opening. Meanwhile, when the diagonal louver model is located close to the opening (Case 3 and Case 4), the plume collides with the diagonal louvers and spreads up and down in between the opening and the diagonal louver system, after which the plume flows in accordance with the diagonal louvers' inclination and escapes from them. 
Shape and radiated heat of the ejected plume
Figure14 Diagonal louver test Shape of the ejected plume and temperature(ºC)
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RESULTS
As the result of a full scale fire test, the following knowledge was obtained regarding the ejected plume from an opening with a diagonal louver system installed at the outerside.
1)
The result of the blank test was that, with the opening conditions of this test, the internal temperature of the heating furnace stabilized and was controlled at a set temperature of 500ºC.
2) The furnace's internal temperature in the test with the diagonal louvers installed, stabilized in the same way as in the blank test at around 500ºC, and the establishment of the diagonal louvers had no influence on the heating furnace's internal temperature.
3) The opening's central axis temperature showed almost the same temperature results for both the blank test and the test with the diagonal louvers installed, and the establishment of the diagonal louvers had no effect on the temperature on the central axis of the opening. Neither did the distance of the diagonal louvers to the opening have an influence on that temperature.
4)
The conditions of the temperature in the vicinity of the diagonal louvers differed in the case the diagonal louvers were close to the opening (400mm, 600mm) and in the case they were distanced (800mm, 1000mm). In the case the diagonal louvers were distanced, the location of the temperature peak on the central axis of the ejected plume was higher in comparison to the case they were close.
5)
The shape of the ejected plume was depending on the distance between the opening and the diagonal louver system. The turning point for the plume shape transformation is judged to be located at a distance of about 600mm to 800mm from the opening. This is the case for an opening geometry with a width of 1.2m
and a height of 1.8m.
6)
The radiative heat fluxes at the location of 900mm above the upper end of the opening increase in the cases where the diagonal louvers are installed. Also, the radiative heat fluxes in the cases where the diagonal louvers are close to the
